Abstract -East Asia is home to at least 9 indigenous species of honey bee. These bees are extremely valuable because they are key pollinators of about 1/3 of crop species, provide significant income to some of the world's poorest people, and are prey items for some endemic vertebrates. Furthermore, Southeast Asian Dipterocarp forests appear to be adapted to pollination by honey bees. Thus long-term decline in honey bee populations may lead to significant changes in the pollinator ecology of these forests, exacerbating the more direct effects of deforestation and wood harvesting on forest health. Although complete extinction of any honey bee species is seen as unlikely, local extinction is likely to occur across extensive areas. The most significant threats to local honey bee populations are deforestation and excessive hunting pressure. Conservation of East Asian honey bees requires immediate action to determine what rate of colony harvesting by honey hunters is sustainable. This requires information on the demography of hunted populations, particularly the intrinsic growth rates and the rates of harvest.
INTRODUCTION
In the 100 years between 1880 and 1980 the South and Southeast Asian nations of India, Bangladesh, Sri Lanka, Myanmar, Thailand, Laos, Cambodia, Vietnam, Malaysia, Singapore, Brunei, Indonesia and the Philippines, grew in human population by 262%, the area of cultivated land by 86%, the area bearing grass and shrub vegetation by 20%, while total forest cover decreased by 29% (Flint, 1994) , Deforestation has continued unabated during the last 25 years (Sodhi et al., 2004) . The region has developed an extremely high human population density, and in some countries such as Pakistan, Nepal and Bangladesh, rapid population growth continues today (Anon, 2004) . Increasing huCorresponding author: B.P. Oldroyd, boldroyd@bio.usyd.edu.au * Manuscript editor: Mark Brown man population size, especially when coupled with increased affluence and per capita consumption inevitably causes increased pressures on natural ecosystems. (Nonetheless a better-educated and wealthier population may have greater capacity and desire to do something about conservation than a desperately poor one). Of particular concern for honey bee conservation is broad scale conversion of primary forest to short-cycle forestry, rubber and oil palm plantation, agriculture, and urban areas (Kevan and Viana, 2003; Sodhi et al., 2004) . All these activities involve removal of mature trees suitable for nesting, and often involve reduction in food resources and the use of pesticides. In some cases, direct interactions with humans can result in nest destruction (Underwood, 1992) . Increasing population and affluence coupled with a desire for natural products harvested from the wild can also increase economic incentive for hunting and gathering within the remaining forests Article published by EDP Sciences Conservation of Asian honey bees 297 (Nath et al., 1994; Chen et al., 1998; Wilkie and Carpenter, 1999; Nath and Sharma, 2007) .
Despite the foregoing, indigenous honey bees remain common throughout much of their original range. The red dwarf honey bee Apis florea is actually expanding its range into the Middle East (Mossagegh, 1993 ) and the Eastern hive bee A. cerana into New Guinea (Anderson, 1994) . In Hong Kong, one of the most urbanized and altered landscapes on the planet, A. cerana remains common, and is an important pollinator of remnant vegetation (Corlett, 2001) . Nonetheless there are obvious signs of threatening processes at work (see below) on some species in some areas, and we suspect that these processes either have or soon will drive local extinctions. Perhaps this has already occurred in the dwarf bees on the island of Hong Kong where they are apparently absent (Corlett, 2001 ). The red honey bee A. koschevnikovi is now extremely rare on peninsular Malaysia and the south of Thailand (Otis, 1996) . Whether complete extinction of a particular species is likely or possible is not clear, but the threat is real and potential consequences of such an extinction are significant.
In this review we aim to document the ecological, economic and social values of Asian honey bees and identify the main threats to them. We follow with a brief introduction to sustainable yield theory. Much of this material was reviewed in the monograph Asian honey bees: Biology, conservation and human interactions (Oldroyd and Wongsiri, 2006 ), but we re-present it here for completeness and to expand and update it. We then identify the critical data and studies of life history traits that are required to understand the demography of a honey bee population (Seeley, 1978; Oldroyd et al., 1997) . Remarkably little is known about the reproductive behaviour of Asian species, and this lack renders our understanding of Asian honey bee demography little more than educated guesses (Oldroyd and Wongsiri, 2006) . We then discuss what steps can and should be taken to help conserve honey bees. Many of these, such as a reduction in deforestation, are common to broader conservation goals, but some, such as less destructive hunting techniques, are unique to honey bees. Finally we discuss the opportunity of exploiting new molecular-based means of rapidly assessing population size (Moritz et al., 2007a, b) , even in the most impenetrable forest. This technique promises to provide a sound basis for the understanding demography of wild honey bee populations everywhere, but will be particularly useful for Asian honey bees in remote jungles.
DIVERSITY IN APIS: WHAT HAVE WE GOT TO CONSERVE?
Planning for species conservation requires (among other things) an understanding of the phylogenetic relationships among the species of concern (Vane Wright et al., 1991; Crozier, 1992; May, 1994; Humphries et al., 1995) . This is because we should like to preserve biodiversity in its broadest sense. Thus a species that is phylogenetically distant from all others is generally reckoned to be of higher conservation value than a subspecies (Crozier, 1992) . For example, we should be more concerned about the loss of highly novel species like the tuatara (Sphenodon spp.) than by the loss of morphological variant of an otherwise widespread taxon.
The taxonomy of the honey bees has been given considerable attention and we now understand the broad evolutionary history of the genus well (Raffiudin and Crozier, 2007) (Fig. 1) . Broadly, there are three groupings, which have sometimes been regarded as subgenera (Maa, 1953) . These are the dwarf bees, which build a single comb surrounding a twig or small branch, the medium-sized cavity nesting bees which build a series of parallel combs, usually within a defendable cavity, and the giant bees which build a single comb suspended beneath a rock overhang or tree branch. Each group has two or more species, with the cavitynesting bees being the most speciose (Otis, 1996; Oldroyd and Wongsiri, 2006) .
The species and subspecies joined by solid lines in Figure 1 are strongly supported as being taxonomically distinct based on sequence divergence of nuclear and mitochondrial genes (Raffiudin and Crozier, 2007; De La Rúa et al., 2009 ). In addition, there are probably other species of honey bee that are not yet described. Two likely candidates are indicated by dashed lines on the phylogeny of Figure 1 : the yellow 'plains' cavity nesting honey bee of south India , and the giant honey bee of the Philippines A. d. breviligula (Maa, 1953) . The latter has not been analysed genetically, but is almost certainly a distinct species from A. dorsata based on its dark coloration (personal observations of BPO), absence of nest aggregations (Morse and Laigo, 1969) , and geographical isolation.
We suggest that all the species of Figure 1 are deserving of conservation effort, and encourage investigations exploring the broader diversity of honey bees.
VALUE OF HONEY BEES
Although we would argue that honey bees have intrinsic value, it is often useful in the conservation context to be armed with the tangible benefits of a species so that they may be given higher priority for conservation policy and perhaps funding (Chardonnet et al., 2002) .
Pollination services
Although most of the heavily traded agricultural commodities derive from plants that are self pollinated, wind pollinated or propagated vegetatively, up to a third of the food we eat is derived from plants which are either dependent on or benefit from insect pollination, especially by honey bees (e.g. Williams, 1996; Richards, 2001; Klein et al., 2007) . The value of crops pollinated by the western honey bee A. mellifera is staggeringly large (eg Scott-Dupree et al., 1995; Morse and Calderone, 2000; Gordon and Davis, 2003) , but unfortunately, no estimates are available for the value of honey bee pollination for Asian counties or for Asia in aggregate.
Natural ecosystems are also heavily dependent on animals for pollination (Bawa, 1990; Corlett, 2004) . There is increasing concern that anthropogenic disruption of plantpollinator mutualisms will lead to a wave of plant extinctions (Bond, 1994; Buchmann and Nabhan, 1996; Biesmeijer et al., 2006) . Because of their dance language and large foraging range, honey bee colonies can rapidly identify and exploit ephemeral floral resources over a wide area (Koeniger et al., 1982; Dyer, 1985; Punchihewa et al., 1985; Dyer and Seeley, 1991; Dornhaus and Chittka, 1999; Sen Sarma et al., 2004; Dornhaus et al., 2006; Beekman and Lew, 2007; Beekman et al., 2008) , often resulting in inter-specific competition for food (Koeniger and Vorwohl, 1979; Oldroyd et al., 1992; Rinderer et al., 1996; Köppler et al., 2007) . Perhaps for this reason, the non-Apis bee fauna of Asia is depauperate relative to tropical forests in Australia Conservation of Asian honey bees 299 and America (Michener, 1979; Corlett, 2004; Batley and Hogendoorn, 2009 ). The forest communities of tropical Asia evolved with two or more honey bee species present, and may therefore be particularly vulnerable to a reduction in the density of honey bees (Corlett, 2004) .
The low land forests of Asia are dominated by the family Dipterocarpaceae -a family of some 17 genera notable for its two-winged wind-dispersed fruit, and often-massive trees that emerge above the surrounding rainforest canopy (Ashton, 1988) . The pollination ecology of this region is characterised by infrequent (2-10 years) general flowering (GF) events in which most trees of most tree species flower simultaneously at more or less random times of year (Appanah, 1985; Ashton et al., 1988) . Two major hypotheses have been proposed for the evolution of GF in this region (Maycock et al., 2005) . First, GF may lead to a 'mast' fruiting event in which fruit are so abundant that frugivores are satiated and recruitment of seedlings is high (Janzen, 1971; Janzen, 1974) . Second, GF may act to attract migratory pollinators such as honey bees to the area, thereby enhancing pollination success and outcrossing (Sakai, 2002) . Regardless of which hypothesis is more likely to be correct, the spatial separation of conspecifics and the intense competition amongst individual plants for the attention of pollinations during a GF strongly suggest that many Dipterocarp tree species of the South-east Asian lowland forests are adapted for pollination by migratory honey bees which can rapidly increase in population size by both reproductive and migratory swarming (Itioka et al., 2001) . No other pollinators have both these capacities. Within the period of a MF event, pollinating vertebrates such as bats and birds can only increase population densities by migration. Because most bat species have fixed roosts, and because many birds are territorial, migration is unlikely to significantly increase population densities of these pollinators during MF. Stingless bees and solitary bees that are nonmigratory can only increase population densities via reproduction.
Another reason why the Dipterocarp forests may be especially reliant on honey bee pollination is the need for long distance movement of pollen between spatially separated conspecific trees that are often self-incompatible or dioecious (Bawa, 1990) . Even when trees are selffertile, restriction of gene flow among trees potentially results in inbreeding depression and a reduction in vigor (Slatkin, 1985) . Transfer of pollen over long distances requires an animal vector that has species fidelity while foraging, a large foraging range, and visits multiple trees, either as individual foragers, or via transfer of pollen among foragers in the nest. Honey bees have all these characteristics (deGrandi-Hoffman and Martin, 1995) . Microsatellite studies of paternity in various Asian tree species show strong outcrossing rates, and average mating distances greater than 500 m (Konuma et al., 2000; Kenta et al., 2004) , far further than is seen in the neotropical species Pithecellobium elegans (Crane, 1991) .
It is difficult to imagine that mating distances of this magnitude are achieved by anything other than Apis. Furthermore, forest fragmentation for forestry and agriculture my raise the importance of Apis pollinators still further, as trees become ever more isolated, and alternative pollinators are adversely affected (Nanson and Hamrick, 1997; Ghazoul, 2005; Kremen et al., 2007) 
Honey bees as prey
Asian honey bees are prey for a variety of insect, mammalian and bird predators (Oldroyd and Wongsiri, 2006) . Several bird species are specialist predators of honey bees including the Orange-rumped honey guide (Indicator xanthonotus), the Malaysian honey guide (I. archipelagicus) and the Oriental (Pernis ptilorhyncus) and Barred (P. celebensis) honey buzzards. Still others, particularly the bee-eaters (Merops spp.) and drongos (Dicrurus), are opportunistic hunters of Asian honey bees. These species would either be imperilled or driven to extinction if Asian honey bees were themselves made extinct.
Social and religious values
Many Asian people revere honey bees, and are concerned for their welfare. The arrival of an A. dorsata swarm in garden of a temple or house is often regarded as a good omen. Honey bees play an important role in two of the main religions of Asia. In the Hindu religion honey represents the 'blendedness of everything' and is often mixed with clarified butter, sugar, milk and curd to produce one blended mixture, which is shared amongst participants in ceremonies.
Although not as central, honey bees feature in a variety of religious stories from Buddhism as well. Stories about bees are used to teach people the value of working hard, flying low (being modest), being clean, clever in collecting and being united as a family.
Buddhists believe in life after death and that a deceased person will be reborn. To be a happier and healthier person in the next life, a person must perform good deeds. Giving alms to monks is one of the most expressive ways that an individual can perform a good deed, so many Buddhists like to provide alms to their local monks every day. Monks are permitted only two meals per day: breakfast and lunch. But the Buddha allowed monks to consume 5 things: clarified butter, dense butter, vegetable oil, sugar cane juice and honey as 'tonics' at any time of day. Thus these items are welcomed offerings and are regarded as being particularly meritorious.
At the beginning of the rainy season, Buddhists observe the Vassutanayikadivasa, a time during which the monks are confined to their temples. Traditionally the monks were presented with beeswax candles during Vassutanayikadivasa so that they could continue study into the night. (These days people tend to give a light bulb instead!) The end of Vassutanayikadivasa is celebrated by the Pavaranadivasa festival, which in Thailand includes the honey ceremony or Tak bat nam peung. In northeastern Thailand, Pavaranadivasa parades often include massive and elaborately decorated beeswax candles, and villages often have competitions for the biggest and best candles.
The central place of bees, honey and beeswax in both Buddhism and Hinduism, imbues honey bees with a special place in the minds of many Asian people. We hope that these beliefs will help to give urgency to conservation efforts. Sodhi et al. (2004) outline the depressing reality of deforestation in Southeast Asia. This region has the highest rate of tropical deforestation in the world, and is predicted to lose three quarters of its original forest and 42% of its biodiversity in the next hundred years.
MAIN THREATS

Deforestation
The impacts of deforestation on honey bees are poorly understood. Liow et al. (2001) used honey baits to trap bees along transects in disturbed and relatively undisturbed sites in Singapore and Jahor in peninsular Malaysia. The proportion of Apidae (stingless bees and honey bees) was very low in oil palm plantations and very high in undisturbed sites. This strongly suggests that oil-palm plantations do not favour honey bees. This is understandable: the palms do not produce nectar, which is only available from ground flora, and suitable nesting sites are rare within the plantations. No hollows are available for cavity nesting bees, and the dense leaves of the palm fronds render them unsuitable for nest building by A. dorsata. Presumably dwarf bees can nest in the palm fronds.
Hunting
Asian people have been hunting honey bees for more than 40000 years (Crane, 1999) and bee hunting is still widely practiced throughout the region. To take an A. florea or A. andreniformis colony, the hunter merely shakes the bees off, snips the branch holding the colony, and carries the comb home. We assume that provided there is plenty of food available, the colony recovers from the theft of its comb more often than not. Hunting A. dorsata and A. laboriosa is much more brutal, and often involves burning the bees with a smoldering torch of tightly-bound brush (e.g. Valli and Summers, 1988; Lahjie and Seibert, 1990; Nath et al., 1994; Crane, 1999; Tsing, 2003) . Some harvested colonies may be able to regroup, especially if the hunt occurs in daylight. Often, however, the hunt is conducted in darkness. The hunter bangs his torch on the branch supporting the colony to create a shower of sparks. The bemused bees follow the sparks to the forest floor (Tsing, 2003; Oldroyd and Wongsiri, 2006) where they crawl about, often with singed wings. Many queens must be lost during these harvests, and their colonies perish along with them. Night hunting is preferred by many hunters because it reduces the number of stings received. This method of hunting kills many if not most colonies. For example, BPO witnessed a harvested tree in the Nigris Hills of Tamil Nadu, India, in which over 100 colonies were killed by hunters in a single night. Of late we have even heard of 'hunters' using insecticides to kill bees prior to harvesting honey.
The level of hunting pressure is most likely increasing in many areas. Even the poorest people (who are more likely to engage in hunting than land owners) have increasing access to motorized transport so that they can access nests over a broad area. Conversion from a barter/subsistence economy to a cash-based economy increases the incentive to produce a high value, easily-transported product like honey (Nath et al., 1994; Tsing, 2003; Nath and Sharma, 2007) . Increasing affluence in the cities and rural towns may increase the demand for wild honey which is perceived some as being more natural, pesticide free, healing and delicious than honey produced from domestic colonies. Finally, decreasing areas of forested land increases the hunting pressure on the remaining forested pockets (Nath et al., 1994) .
Loss of nest sites
Cavity nesting bees require cavities for nesting. A. cerana is able to nest in manmade structures, or in the hollows of coconut palms (Cocus nucifera), and we think it likely that cavities are rarely a limiting resource. Nonetheless Inoue et al. (1990) found that when A. cerana nests in the small cavities of coconut palms, their growth is limited, and this may hinder their ability to produce reproductive swarms of viable size.
Of greater concern is the removal of nesting trees of the giant honey bee, A. dorsata. A. dorsata colonies are highly philopatric, often migrating over large distances, but returning to the same nesting site every year (Butani, 1950; Koeniger and Koeniger, 1980; Underwood, 1990; Dyer and Seeley, 1994; Kahona et al., 1999; Neumann et al., 2000; Paar et al., 2000; Sheikh and Chetry, 2000; Thapa et al., 2000; Itioka et al., 2001; Paar et al., 2004) . Moreover, A. dorsata tend to nest in large aggregations, sometimes with more than 100 colonies on a single tree Paar et al., 2004) .
We do not understand why particular trees are used year after year as nest sites Oldroyd and Wongsiri, 2006) , but it may be assumed that these trees are of considerable importance to the welfare of a population (Paar et al., 2004) . Anecdotal discussions with students at the Indian Institute of Science in Bangalore suggested that when a major bee tree is felled to make way for a building or other structure, the colonies attempt to build their nests on the structure. Depending on the structure, this may cause undesirable interactions with humans, and the killing of the colonies.
Parasites and pathogens
Honey bee colonies can be affected by a variety of fungal, viral and bacterial infections, and can be infested by various insect and mite parasites (Morse and Nowogrodzki, 1990; Bailey and Ball, 1991; Oldroyd and Wongsiri, 2006) . Wild populations are not normally threatened by the parasites and pathogens with which they co-evolved, and most wild colonies we have encountered are pictures of robust health. However adverse effects of pests and diseases may arise when wild populations are stressed by environmental degradation. For example, Allen et al. (1990) found a Nepalese population of A. laboriosa that was severely infected with European foulbrood (Mellisococcus pluton), which they attributed to environmental stress brought on by deforestation.
Of potentially greater significance than environmental stress is the anthropogenic movement of honey bee populations between countries which potentially exposes wild populations to novel parasites and pathogens to which they have no resistance. A. mellifera has been introduced into most Asian countries at one time or other, almost certainly exposing wild Asian Apis to novel pathogens. Thus the European Foulbrood observed by Allen et al. (1990) may well have had its origins in the A. mellifera colonies introduced into Kathmandu by well meaning but incompetent aid agencies.
Since the 1980s many populations of A. cerana have been severely infected by so-called Thai Sac Brood virus, which kills early pupal stages and is often lethal to colonies (Abrol and Bhat, 1990; Verma et al., 1990; Nath et al., 1994; Chinh, 1998; Abrol, 2000) . The origins of this pathogen are unknown, but potentially it arose from the anthropogenic movement of temperate strains of A. cerana into tropical areas, or from introduction of A. mellifera. European foul brood is also known from A. cerana (Bailey, 1974) .
A Conopid fly Physocephala parralleliventris Kröber (Diptera: Conopidae) parasitizes A. cerana, A. koschevnikovi and A. dorsata in Borneo (Tingek et al., 2004) . It grasps flying bees in flight and deposits a tiny larva on the integument. The larva penetrates the bee's cuticle, consuming the bee from the inside. We suspect that this fly or a close relative is also present in Thailand, because we have seen fly larvae in the abdomens of A. florea workers. Spread of this fly to populations which have not previously been exposed to it could potentially be devastating.
An emerging threat to Asian Apis is the small hive beetle Aethina tumida. Originally from sub-Saharan Africa (Dietemann et al., 2009) , this pest has recently spread to Australia, the United States of America and Egypt (Mostafa and Williams, 2002; Neumann and Elzen, 2004; Ellis and Hepburn, 2006) where it causes significant damage, especially in warm, wet climates. The pest normally lives saprophitically on falling debris from a honey bee colony. Mostly the bees confine the adult beetles to unreachable crevices (Ellis and Hepburn, 2006) . Occasionally, however, the beetles are able to overwhelm the host colony's defences. The floor of the hive becomes a seething mass of beetle larvae, which apparently attracts more adult beetles. Within a day or so the larvae invade the brood comb at which point the colony will either abscond or be killed.
It is worryingly likely that A. tumida could become successful parasites of some or all of the Asian cavity-nesting species. When A. tumida was introduced to colonies of Bombus impatiens it was able to complete its life cycle (Stanghellini et al., 2000) , suggesting that the species could potentially swap hosts to the Asian honey bee species which are far more closely related to the original host than Bombus. Optimistically, the adult beetles may fail to recognize the Asian species as suitable hosts, or the Asian species with their long history of association with parasitic mites will be adept at locating and killing A. tumida. Hopefully this optimism is warranted because exposure is likely: package bees were shipped from Australia to several Asian countries for a short period after the arrival of the beetles in 2000, and at least some of these shipments were likely infested with A. tumida.
Climate change and forest fire
The Intergovernmental Panel on Climate Change Fourth Assessment Report (2007) suggests that due to a 70% increase in greenhouse gas emissions over the 100 years from 1906, the average temperature of the Earth has risen 0.74
• C, and that this has decreased precipitation in parts of south east Asia. With expected increases in greenhouse gas emissions over the next two decades, global temperatures will most likely increase by a further 0.4
• C. In Southeast Asia, peak years for wildfire coincide with severe ENSO-induced droughts (Duncan et al., 2003) , which are anticipated to occur more frequently with global warming. Drought combined with extreme wild fire events, and human impacts including deliberate fire setting associated with slash and burn agriculture (Brown, 1998; Nath and Sharma, 2007) are altering the structure of plant communities across the Asian region (Taylor et al., 1999) .
The impacts of these changes on honey bee populations is not easy to assess (Murray et al., 2009) . In some ways, oligolectic, migratory species such as the Asian honey bees will be better able to adapt to environmental change and changes in ecotones than most other insects. However there is anecdotal evidence that some species (notably A. andreniformis (Wongsiri et al., 1997) and A. koschevnikovi (Otis, 1996) ) are obligate forest dwellers whose range will become more restricted with the retreat of the rainforest. On the other hand both these species inhabit disturbed areas including cities and towns in Borneo (personal observations of BPO) and so the exact cause of the decline of A. koschevnikovi in Malaysia and the rarity of A. andreniformis in most of Thailand is unclear. Perhaps competition from A. florea is important.
Pesticides
Exposure to most insecticides kills individual foragers, and can kill whole colonies (Desneux et al., 2007) . Some commercial fruit crops, particularly longan (Dimocarpus longan), litchie (Litchi chinensis) and citrus are major honey producers which are highly attractive to honey bees (Crane et al., 1984) . Other orchard trees like mangosteen, Garcinia mangostana and rambutan, Nephphelium lappaceum, make ideal nesting sites for dwarf bees (Oldroyd and Wongsiri, 2006) . These orchards are regularly sprayed with insecticides, which kills all colonies nesting in the tree canopy (personal observations). Spraying during flowering may also affect colonies nesting outside the crop but foraging in the crop. Some tree crops such as oil palm, Elaeis spp., are regularly sprayed, and this may contribute to the observed paucity of bees within oil palm plantations.
Regulation of pesticide use is lax in some Asian countries, and this can increase the possibility of bee exposure to pesticides, for example by contamination of streams.
Street lighting
When open nesting species like A. dorsata and A. andreniformis nest near sources of light, foragers are attracted to the lights at night (personal observations). Many bees are killed in this way. This may be of limited consequence for colony survival, but cannot be helpful to an already-stressed nest. We do not know if A. dorsata queens on mating flights are attracted to lights, but if so, queens may also be lost in this way.
Competition with introduced
A. mellifera
Concerns have sometimes been raised about the possibility that introduced A. mellifera may out compete and displace indigenous honey bees in Asia (see for example Verma, 1991) . We think this unlikely. Feral populations of A. mellifera are unknown in Asia, and in our view are unlikely to be formed. First, in tropical regions with small variation in day length, European honey bees have difficulty regulating their rates of brood production and so they rarely reach swarming strength (Rinderer, 1988) . Second, wherever A. dorsata is endemic, its parasitic mite Tropilaelaps clareae is also present, and likely to infest any feral A. mellifera colonies and kill them. Even where T. clareae is absent, feral colonies are likely to be killed by Varroa destructor. Host shifts between Varroa destructor to A. mellifera are rare (Anderson and Trueman, 2000; Solignac et al., 2005) , and so indigenous Varroa are usually unlikely to infest A. mellifera colonies transplanted in to Asia. However, most A. mellifera populations world wide, including transplanted Asian ones are already infested with V. destructor. Thus, establishment of a feral population from a domesticated one already infested with Varroa seems unlikely (Anderson, 1994; Anderson and Sukarsih, 1996; Oldroyd and Wongsiri, 2006) .
Despite the foregoing it is clear that A. mellifera beekeeping has replaced A. cerana beekeeping in large parts of India, Japan, Pakistan, China, and Thailand, reducing population sizes of A. cerana in these regions. There is some evidence that very high densities of A. mellifera drones could interfere with A. cerana matings (Ruttner and Maul, 1983) though in Japan at least the times of mating flights do not overlap (Yoshida et al., 1994) .
Anthropogenic movement
Only 10000 years ago much of the Indonesian archipelago, the Andaman Islands, Taiwan and Hong Kong were connected to mainland Asia (Heaney, 1991) . Rising sea levels caused by the current phase of global warming created thousands of islands, some large, some small, and in doing so the once contiguous populations of honey bees were separated into isolated populations (Smith et al., 2000; Smith, 2002; Oldroyd and Wongsiri, 2006) . This isolation has contributed to the rich diversity of honey bee ecotypes we see today, particularly in A. cerana and its related species (Hepburn et al., 2001; Radloff et al., 2005) .
Anthropogenic movement of honey bees between regions potentially erodes biodiversity by homogenizing the gene pool. For example, the 'mainland Asia' mitotype of A. cerana is ubiquitous across Asia, often alongside a regional mitotype (Smith and Hagen, 1996; Smith et al., 2000) . This suggests that humans have moved preferred strains of A. cerana among the some of the islands of the South China Sea. Not only do such movements potentially reduce biodiversity, they can also spread pests, pathogens and diseases.
Tourism
While tourism is sometimes regarded a positive force for conservation (Wynberg, 2002) , more often than not it is negative (Noss et al., 1996; Pickering and Hill, 2007) , especially when it involves hunting (Anon, 1991) . A Google search of 'Honey hunting tour' reveals dozens of companies offering guided tours of honey hunting sites including operations in Nepal (more than 50 web sites), Thailand (1), Bangladesh (1), Tibet (1) and Bhutan (2), and we aware of similar enterprises in Malaysia which do not yet have a web presence. These practices are very likely to increase the number of colonies killed, and to foster hunting at inappropriate times of year when colonies are stressed and unlikely to recover.
WHAT SHOULD BE DONE TO CONSERVE ASIAN HONEY BEES?
It is undeniable that forest clearing contributes to honey bee decline, and the cause of honey bees can only add to the chorus of plants and animals that are similarly afflicted. Clearing of old growth forest on this planet should simply be stopped. Nonetheless conservation strategies must be rooted in pragmatism as well as good science, so we should also focus on those issues where something can realistically achieved in the shorter term, and that that will also be useful.
Quarantine
No doubt local people will continue to move A. cerana nests among neighbouring islands, and there is little that can be done about this. Most of the ports and airports of Asia give priority to the free flow of goods and people in the belief that the economic benefits of doing so outweigh the potential costs to agriculture and the environment. There are some exceptions. Malaysia, for example, does not allow importation of A. mellifera into Borneo. South Korea and Japan have banned imports of queens and packages from countries where A. tumida is now endemic. We applaud these measures.
Hunting
The impact of hunting on species viability depends on population size and growth rate, the proportion of colonies which survive a typical harvest, the proportion of colonies which are harvested, rates of migration from adjacent regions, the length of life of colonies, their reproductive rate and so on (e.g. Caughley and Sinclair, 1994) . Almost no information is available on any of these parameters, so assessing the impact of hunting on the viability of honey bee populations is difficult. Based on the assumptions of indefinite survival of established colonies, production of 2.5 swarms per year and 100 colonies per square kilometer, Oldroyd and Wongsiri (2006) suggested hunting of A. florea is unlikely to threaten populations because the level of harvesting is likely to be far less than the potential for population growth (i.e. a potential growth rate of 250 colonies per square kilometer). However densities of A. dorsata are likely to be much lower than this, perhaps 10 colonies per square kilometer, allowing a maximum harvest of much less than 25 colonies, which may often be exceeded. If so, and assuming that the harvest rate remains unchanged, the population will be driven to extinction. Hunters in Tamil Nadu report that A. dorsata is becoming more rare (Nath et al., 1994) , and we assume that hunting in excess of the sustainable yield is the primary cause of this decline.
We urgently need to know the key demographic parameters for hunted honey bee populations. The critical parameters are:
H Harvest rate. The proportion of colonies that are harvested.
N Population size. The total population size.
r Growth rate, the change in the number of colonies per season if the population were unharvested.
S Survival rate. The proportion of colonies that survive harvest to reproduce.
With these parameters in hand one can calculate the intrinsic growth rate of a population relative to its current size. The goal is to maintain H much less than r.
These parameters cannot be readily determined directly, but they can be inferred. The growth rate can be estimated by determining the number of surviving daughter colonies a typical established colony produces. For the giant bees we need someone to study a nesting site for a complete reproductive season, counting the number of established colonies at the beginning of the season, the number of migrants that join the nesting site, the number of daughter colonies, and the survival of all of these. For the dwarf bees, which do not form dense aggregations as the giant bees do (Rinderer et al., 2002; Wattanachaiyingcharoen et al., 2008) , such a study may not be feasible. However the number of daughter colonies can be estimated by determining the average number of reproductive swarms that are cast by typical colonies in a typical season, and estimating a failure rate from a sample of swarms.
Estimates of S can potentially be determined experimentally. For example, A. florea nests could be harvested in the traditional way: shaking the bees off and harvesting the comb. The adult bees and queen should then form a cluster, which could be monitored for its survival. Various extensions of this simple idea could include establishing study plots that are regularly surveyed and the location of all colonies noted. Colonies could be harvested in some plots and not in others, and the recolonization rate determined . If worker samples were taken from all colonies for genetic analysis it may be possible to build a picture of what happens to harvested nests.
Estimating N by survey and physical counting of colonies ) is likely to severely underestimate the total number of colonies present (Hepburn and Radloff, 1998) so new genetic methods (Baudry et al., 1998; Moritz et al., 2007a, b) of estimating the number of colonies present in a population are preferred (Zayed, 2009) . The innovation in this method is to genotype males at a series of tightly linked microsatellite loci. Males can be sampled directly from a population by using a drone trap fitted with a sex attractant, or the genotypes of the fathering males of workers can be inferred from a sample of workers from a single colony. The use of tightly linked loci means that it is much easier to distinguish brother drones from unrelated drones -two unrelated drones are less likely to share a haplotype of linked loci by chance than a multilocus diplotype. Software is available to estimate the number of colonies represented in a sample of drones (Wang, 2004) . All that remains then is to estimate the area from which the drones may have been drawn in order to find a good estimate of the density of colonies in a region. The efficacy of the method was demonstrated by showing that the estimated relative density of colonies in South Africa was much higher than in Europe (Moritz et al., 2007b) . It should be noted that we doubt that this genetic method provides an accurate picture of the absolute number of colonies in a region, but it should provide a good estimate of the relative density between two regions.
Encouraging harvesting of wild colonies in a more sustainable manner
Harvest of A. dorsata and A. laboriosa is often a destructive process, but this need not be so. Bee hunters are often conservationists as well as being hunters, and are receptive to ideas that may help conserve bees. They are often strong advocates for forest protection (Nualsanong, 2000) .
In Vietnam, Cambodia, Kalamantan and some other parts of Indonesia, efforts are being made to encourage harvesting of honey from A. dorsata nests in a non-destructive manner (Crane et al., 1993; Tan et al., 1997; Purwanto et al., 2000; Tan and Ha, 2002; Waring and Jump, 2004) . This involves using bee smokers and protective clothing to shield hunters from stings so that harvesting can be done in daylight, rather than burning or smoking the bees at night. Second, bee hunters can construct 'rafters' in the forest to attract migrating A. dorsata swarms. Rafters are stout boards about 2 m long that are suspended at a 45
• angle in a forest clearing (Tan et al., 1997; Tan and Ha, 2002) . It is much easier to take honey from a colony nesting on a rafter 1 m from the ground than from a wild colony nesting in a 20 m tall Koompasia tree.
We applaud efforts to encourage more sustainable honey harvesting, but note that in many areas hunters have insufficient funds to purchase smokers and bee veils, relying almost exclusively on materials gathered from the forest to construct their simple hunting equipment.
Should we encourage keeping native honey bees?
Clearly if thousands of beekeepers each kept hundreds of colonies of a native honey bee like A. cerana, then the bee would be unlikely to go extinct. Should we therefore encourage keeping native A. cerana rather than European A. mellifera? The answer is 'it depends'. First the benefits to beekeepers. There is no doubt that A. cerana is resistant to parasites and pathogens likely to be encountered, whereas throughout Asia, A. mellifera must be regularly treated to manage mite infestations. Furthermore, A. cerana can live happily in rough boxes or tree trunks with little or no need for expensive equipment (Oldroyd and Wongsiri, 2006) . On the other hand, there is no argument that in side by side trials A. mellifera will always provide more honey, and provide a higher return on investment than can A. cerana (even if start up costs are higher) (Magsaysay et al., 2004) . So if the capital is available, it is not really justifiable to encourage a less profitable form of agriculture. Poor beekeepers should not be expected to bear the burden of conservation, which is the responsibility of us all.
One important reason to encourage A. cerana beekeeping over A. mellifera beekeeping is that A. mellifera seems more vulnerable to predation by bee-eating birds than are the indigenous honey bees. Thus some A. mellifera beekeepers in East Asia take steps to reduce bird predation by placing nets over apiaries. As many birds become entangled in the nets, there can be many bird deaths.
In Thailand, much of the honey available in local markets is wild honey harvested from open-nesting species, and this seems to be preferred to bottled honey which is often of poor quality. Perhaps the best thing to do, then, is to encourage sustainable and hygienic harvesting of wild honey from dwarf bees, rather than encouraging a transition to A. mellifera or A. cerana beekeeping.
CONCLUSIONS
Our review has shown that some Asian honey bee species are severely threatened by a combination of alteration to habitat, overhunting, and potentially climate change. Of particular concern are species like A. andreniformis and A. koschevnikovi, which are apparently confined to heavily forested areas, at least in mainland South East Asia. Apis laboriosa, denizen of mountainous regions, may be threatened by over-hunting, land clearing for cropping, and exotic disease.
We emphasise the urgent need for research into the demography of wild honey bee populations. We recommend a moratorium on destructive harvesting of giant bee nests wherever this can be legally enforced.
